Introduction
Global declines in tuberculosis incidence 1 provide evidence that political commitment together with aggressive plans to curb the disease can make a difference. These efforts not only stopped the upward spiral of tuberculosis incidence but reversed the trend. The World Health Organization (WHO) has now set targets to end tuberculosis by 2035 and is directing efforts at accelerating the rate of decline, with the expectation of reducing the incidence rate by 90% and mortality by 95% compared to levels in 2015. 2 Africa is home to over 1 billion people and is disproportionately affected by tuberculosis with 2.6 million of the 10.4 million global tuberculosis cases, 3 making the continent a key geographical area for health interventions. Sub-Saharan Africa, in particular, saw rates rapidly escalate in the early 1990s due to a delayed response to the emergent HIV epidemic at the time. 4 ,5 These failures resulted in incidence rates that are the highest in the world and have made the task to end tuberculosis even more challenging. Nonetheless, the tide has changed with the rapid expansion of anti-retroviral therapy resulting in sharp declines in HIV-associated tuberculosis incidence in countries in sub-Saharan Africa, thus offering a window of hope. 6, 7, 8 therapeutic options. We also highlight and discuss potential priority areas that require strengthening leading up to attaining the 2035 targets.
Situation analysis of drug resistant tuberculosis in Africa
The best estimate of the burden of drug resistant tuberculosis in Africa requires population-based survey findings, as testing for all tuberculosis cases for rifampicin drug resistance is not done routinely in most countries. Only three countriesMauritius, South Africa and Swaziland -had over 80% of cases tested for rifampicin (Table 1) . Drug resistance surveys are thus the main source of data and are applied based on robust methodologies. 11 Such surveys have however been completed for only 24 of 47 (51%) countries (Table 2) . When restricted to the last five years, the figure is even lower at 23% (11/47). For 21 countries, no data are available, making planning a response much more challenging and potentially less effective. No country in Africa had a repeat survey in the five-year window recommended, and assessing trends was thus largely not possible based on survey data alone.
In light of the above limitations, WHO applies modelling using available data sources, including surveys. 12 This serves as the best estimate of the burden of drug resistant tuberculosis. As modelling is based on selected assumptions, its use is not meant to replace the ideal of robust routine data. The estimated drug resistant tuberculosis burden is shown in Table 2 , and countries are ranked from highest to lowest. Nigeria (20 000) together with South Africa (19 000) account for 42% (39 000/92 629) of the total estimated burden, and thus their achievements or failures regarding drug resistant tuberculosis control will have a great impact on the overall picture for Africa. When the next three highest burden countries -Democratic Republic of Congo (7600), Mozambique (7600) and Ethiopia (5800) -are added, the cumulative figure accounts for 65% (60 000/92 629) of the estimated burden of cases. This highlights the obvious heterogeneity of disease burden among African countries and the need for a targeted response rather than a generalised one.
An interesting modelling study was undertaken by Musa et al. 13 using available data sources, including surveys and published studies in sub-Saharan Africa, to estimate the trends and regional prevalence of drug resistant tuberculosis. The region with the highest prevalence was in the south of Africa with 3.1% (2.1% -4.2%) of tuberculosis cases being drug resistant. This was followed by central (2.1%; 1.1% -3.0%), western (1.9%; 1.2% -2.6%) and eastern (1.7%; 1.1% -2.2%) regions of sub-Saharan Africa. These prevalence estimates correlate well with recent surveys in the region.
Another modelling study by Sharma et al., 14 which included four geographically diverse countries, predicted that there will be an increase in multi-drug resistant (MDR) tuberculosis across all four countries analysed and a decline in the relative contribution of acquired drug resistance. The MDR tuberculosis prevalence for South Africa come 2040 is predicted to be 5.7% (95% prediction interval 3.0-7.6) compared with 12.4% (9.4-16.2) for India, 8.9% (4.5-11.7) for the Philippines and 32.5% (27.0-35.8) for Russia. Although the estimated prevalence is higher in other parts of the world, this needs to be seen in the context of the high incidence of tuberculosis in sub-Saharan Africa, thus, single digit changes in prevalence constitute substantial changes in absolute numbers. Furthermore, the prediction of a global increase has implications for Africa, and the authors indicated that existing activities through the Green Light Committee will not be sufficient to change this trend.
The most recent survey in South Africa (2012-2014), compared to the previous one conducted just over 10 years earlier, showed an almost doubling of the rate in rifampicin resistance (1.8% to 3.4%) 15 Also a similar increasing rate of resistance was observed in Botswana from 2.0% to 3.6% between 2002 and 2007-2008. 16 The increase observed was primarily in new cases for both countries and driven by rifampicin mono-resistant tuberculosis, particularly in the South African survey. The increase in rifampicin resistant (RR) tuberculosis among new cases highlights the role of primary drug resistant tuberculosis transmission, which is likely to occur due to missed diagnostic opportunities when patients are not tested and treated for drug-resistant tuberculosis, or never reach health services. This has been the major obstacle in the era preceding the introduction of molecular diagnostics (Xpert ® MTB/RIF [Cepheid, Sunnyvale, California, United States] and line probe assays), which still continues to persist. Of importance as well is the higher rate of isoniazid mono-resistance (6.1%) compared to any rifampicin resistance (4.6%) in the 2012-2014 South Africa survey, with the former also associated with poorer treatment outcomes.
Comparing the estimated burden of drug resistant tuberculosis to cases notified, there is an alarming notification gap, as only 27 828 of the 92 629 estimated cases were notified. This suggests that 70% of cases in Africa are being missed. In addition, the proportion of missed RR and MDR tuberculosis cases are estimated to be above 50% for 43 of the 47 African countries (Table 1) . It should be noted that the confidence intervals are relatively wide, yet using the lower estimate the gap is 45%. The extremely drug resistant tuberculosis estimates are not available for comparison; however, a total of 1092 extremely drug resistant tuberculosis cases were notified, of which South Africa reported 89% (967) of all extremely drug resistant tuberculosis cases on the continent. 17 This disproportionality is most likely due to lack of capacity to diagnose extremely drug resistant tuberculosis in Africa. Only 53% of RR and MDR tuberculosis cases in Africa had second-line drug susceptibility testing performed, and 47% (22/47) of member states do not have a laboratory that can perform second-line resistance testing (Table 3) . Reviewing the diagnostic landscape for drug resistant tuberculosis in Africa, encouraging signs are noted with 45% than 1 to 24 sites per million people. Albeit a crude measurement, it does highlight important gaps in coverage for many countries. However, coverage of drug susceptibility testing does not directly imply utilisation, which is likely to be even poorer.
Policies on universal drug susceptibility testing are also lacking with 19 (40%) of the 47 countries having a policy in place ( Table 3 ). The GenoType MTBDRsl (Hain Life Sciences, Nehren, Germany) for second-line drug susceptibility testing is available in 20 of 47 (43%) countries at 29 sites (Table 3 ). This proportion is unsurprisingly low as the GenoType MTBDRsl has only been recently endorsed to address gaps in second-line drug susceptibility testing. Overall, 28 (60%) countries have second-line drug susceptibility testing available, using either line probe assay or phenotypic drug susceptibility testing Source: WHO Global TB database. 10 DST, drug susceptibility testing; NRL, National Reference Laboratory ; SLT, second-line testing.
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(12/28) of these countries testing more than half their notified rifampicin-resistant tuberculosis cases. However, these percentages are not truly reflective, as they are based on the number of detected rather than estimated cases.
Another important issue with respect to laboratories is quality assurance. Among all African countries, 26 (55%) national reference laboratories (NRLs) reported having an ISO 15189 accreditation status. Although this does seem encouraging, this reporting may not be a true reflection of the situation, as the reference laboratories that are formally recognised by SLMTA 18 as being accredited based on external evaluation are the NRLs of Ethiopia, Mozambique, South Africa and Uganda. ISO 15189 accreditation should be a basic requirement for this level of laboratory. In the absence of accreditation, participation in external quality assurance programmes provides a basic measure of quality evaluation and competence while countries progress towards accreditation and has been introduced for high burden countries through the WHO.
Apart from diagnostics, treatment is an essential component of tuberculosis control as well and affects a country's ability to reach the WHO End TB Strategy targets. Drug resistant tuberculosis treatment is often prolonged and uses less effective regimens with more adverse events compared to first-line treatment. The number of cases reported on treatment per country varies (Figure 1) , with all but one treating less than 600 cases in a year (South Africa: > 10 000). The treatment success overall in Africa was 59%, 20% died and 16% were lost to followup (Appendix 1). The introduction of the short-course regimen is a major improvement and, in 2016, 36% (17/47) of countries used this patient friendly regimen (Figure 1) . Countries leading the implementation of this regimen were Democratic Republic of Congo (555), Cote d'Ivoire (349) and Cameroon (135) with 31%, 68% and 100% of RR and MDR tuberculosis patients in these countries, respectively also having second-line drug susceptibility testing performed. Thus, adoption of the short-course regimen is not strictly linked to second-line drug susceptibility testing; however, in light of the recent rapid WHO guidance, the need for early identification of fluoroquinolone resistance is important. The top three countries with at least 50 cases or more and having the highest treatment success were countries implementing the short-course regimen: Burundi (90%), Rwanda (88%) and Cote d'Ivoire (85%). Bedaquiline is a new and welcome addition to drug resistant tuberculosis management and is reported to be highly effective. 19, 20 It is currently being used in 11 African countries as well as in South Africa where its use is on a large scale (Figure 1 ). This new agent also offers a potential for scale-up in addressing poor treatment outcomes for drug resistant tuberculosis. 
Towards ending drug resistant tuberculosis in Africa
Drug resistant tuberculosis poses a major hurdle to achieving the WHO End TB Strategy targets. Acting early and decisively will be a determining factor in either future success or failure. Encouragingly, the past 5 years have seen new diagnostic technologies and treatment options become available, as well as strong global political commitment to end tuberculosis. Despite the obstacles threatening the realisation of the WHO End TB Strategy targets in Africa, there are equally effective tools available for achieving success.
Primary among the urgent needs is a clear understanding of the burden of tuberculosis and drug resistant tuberculosis, which will greatly impact planning and efficient resource allocation, a key issue in resource-constrained environments. Progress has been made with just over half of the countries ever having completed a survey. However, there are still large gaps in the data available and these need to be urgently addressed. Furthermore, in order to assess progress and respond appropriately, trend data is essential. The use of routine data reported to the WHO has added benefits, but concerns about accuracy and completeness result in this information being treated with circumspection. Modelled estimates using this routine data would also be impacted as a consequence.
An alternative approach to address gaps is the use of sentinel surveillance for tracking annual trends in strategically selected sites. This is a potential hybrid solution, which is being considered by the HIV programme. 21 Such a system has been used in South Africa for tuberculosis, and unpublished data do support the value of such an approach. This approach can be achieved with far fewer resources and has the potential to strengthen existing routine systems and serve as a starting point for replication of developed sites in other areas. Ensuring routine standardised algorithms detecting rifampicin and second-line resistance is the ideal and should be facilitated in the era of the Xpert MTB/RIF and GenoType MTBDRsl. A few countries have shown high uptake of rapid diagnostic tools for early rifampicin and second-line resistance detection. These efforts should be standardised to ensure data comparisons between countries and regions of Africa.
Another key concern is missing cases, which are estimated to be equal to or greater than the notified burden. Although the numbers are staggering, modifying current diagnostic algorithms to adopt new technologies could dramatically reduce this gap in a short period of time and can be seen in some countries already. The utilisation of the Xpert MTB/RIF has been lacklustre on the continent, with many countries limiting its use to selected cases and thus diminishing the impact of this critical molecular diagnostic platform. This not only reduces the detection of tuberculosis by approximately 10% -20%, 22 but also means that by design, rifampicin resistance is missed almost completely in the vast majority of tuberculosis cases. It should be noted that although the prevalence of drug resistant tuberculosis is higher in previously treated cases compared to new cases, the absolute number of drug resistant tuberculosis patients among previously treated cases is far lower than the numbers in new tuberculosis cases. For the 2015 cohort, 1 200 078 new and relapsed drug resistant tuberculosis cases were notified, of which only 38 059 were previously treated cases. 3 The net effect is a similar burden in absolute numbers of drug resistant tuberculosis between new and previously treated cases. This is because previously treated cases, despite having a much higher prevalence of drug resistant tuberculosis cases, contribute only to a small part of the total TB burden.
Aggressive scale-up of the use of rapid molecular diagnostic tools (e.g. Xpert) as the primary test will be key to finding missing drug resistant tuberculosis cases and is all the more urgent as primary transmission is a major contributor to the propagation of the disease. 15, 22 Missing resistance may result in poorer outcomes, and further compromises the health and well-being of the population at large. In addition, stigma and lack of access to health services are known obstacles to care and likely contribute to missing cases. Some of these cases will most likely end up at a health facility and the unavailability of quality diagnostic technologies would lead to a catastrophic treatment failure. Several countries other than South Africa have taken the approach of using the Xpert MTB/RIF as the primary test for the detection of tuberculosis and drug resistant tuberculosis, and thus models for implementation are available. The South African approach uses a central model with important emphasis on logistics, which has worked well. In regions where transport infrastructure is limited, the use of the GeneXpert Omni (Cepheid, Sunnyvale, California, United States) could be an effective solution. The greater focus now is on multiplex diagnostic platforms that will also facilitate integration at different levels of the health system, thereby providing improved diagnostic yield. Irrespective of the approach, careful planning and budgeting will be needed in order to achieve the necessary returns.
A second issue relates to second-line testing. While this is being achieved in several African countries with good overall coverage among notified RR tuberculosis cases (Table 3) , it is often a challenge in most settings across Africa with 43% (20/47) of member states having no coverage. As the overall reported burden of drug resistant tuberculosis is not particularly high in many countries, the need and operational feasibility to set up such systems may be better served through regional collaboration. There are three WHOcertified supranational reference laboratories in Africa 24 and several NRLs that have adequate capacity to provide such services. While this would lead to increase in volumes of second-line testing, it will also ensure operational efficiency and allow skills to be developed and sustained. Linked to such services is also the need for supporting surveys on the continent.
The three supranational reference laboratories are limited by capacity to provide for the large needs of the continent. Expanding the number of supranational reference laboratories is required and NRLs with potential should be supported to achieve this status. The number of NRLs complying with ISO 15189 is still unacceptably low, considering that NRLs are expected to be the standard against which sub-national laboratories are compared. The introduction of the Strengthening Laboratory Management Toward Accreditation programme has seen 54 laboratories achieve accreditation by the end of 2017 over a 5-year period; 25 however, only two were national tuberculosis reference laboratories. Prioritisation of NRLs to achieve accreditation should be a short-term goal using Strengthening Laboratory Management Toward Accreditation. The emergence of the new Africa Centres for Disease Control and Prevention portends hope through the introduction and implementation of the regional integrated laboratory and surveillance network hosted through the five Regional Collaborating Centres in the five geographical sub-regions of the African Union. It is anticipated that these centres, and the associated network, can be used to improve and strengthen diagnostic capabilities within the Africa region.
The continuum of care requires not only good diagnostics but also effective early treatment. Successful outcomes among MDR tuberculosis patients are exceptionally low with death and loss to follow-up being common endpoints. These are complex issues underpinned by late presentation, poor access to services and overburdened health services. Treatment options are another important determinant of patient outcomes. Therapy is often prolonged; however, a short-course regimen has shown promise in reducing the loss of patients to follow-up. The highest success rates observed in Africa were among those applying this approach and, importantly, a large evidence base for this policy came from Africa and confirms its value. 25 The introduction of the short regimen requires greater impetus to ensure it is accessible and widely used, as currently only 36% of countries have introduced it.
More positive news out of Africa is the use of bedaquiline, with significant reductions observed in mortality for both MDR and XDR tuberculosis cases using this agent. 26 This too is a timely improvement in addressing urgent issues in the management of drug resistant tuberculosis. South Africa has scaled up its use, but it has only recently been introduced in 11 countries. Time lost due to slow scale-up will result in preventable deaths and further transmission. Additionally, skills in dealing with complex drug interactions and adverse events are available, particularly in South Africa, and South-South collaboration can facilitate the safe and effective introduction of the new agents. The availability of a second agent -delamanid -is another promising advancement and opens the way for potentially effective combination therapy to be standardised for XDR tuberculosis treatment. This would simplify management of these complex cases, especially for areas where skills may be lacking. The Global Drug Facility is an important mechanism for access to new drugs for the treatment of drug resistant tuberculosis in Africa and can be utilised to improve the management of drug resistant tuberculosis.
As highlighted, South-South collaborations are important, and findings reported by Cain et al. 27 demonstrate the impact of migration and management of drug resistant tuberculosis. These authors showed that a large and increasing case load of MDR tuberculosis patients from specific areas of Somalia crossed borders to Kenya, seeking care due to lack of services. Migration is an important contributor to missing cases and may lead to poor outcomes. Similar migratory behaviour has been documented in other regions on the continent related to employment seeking in the mining sector. 28 Dealing with migration and the continuum of care requires common standards of care to be available, good communication and referral mechanisms, as well as a unique identifier to link patients across countries and regions. Although this issue has received some attention from the regions, the impetus has been slow and coordination weak. The launch of the Africa Centres for Disease Control as well as Prevention and its Regional Collaborating Centres and target national public health institutes does offer a potential coordination mechanism and should be prioritised. The Innovation in Laboratory Engineered Accelerated Diagnostics project is a new initiative and will use biometrics 29 as the unique patient identifier across regions. If successful, it will provide a model to allow patients to be managed through care irrespective of where they are diagnosed.
Ending tuberculosis and specifically drug resistant tuberculosis cannot be fully realised without dealing with HIV infection and disease. HIV/AIDS is a major contributor to the burden of both tuberculosis and drug resistant tuberculosis, and current efforts at also ending HIV are encouraging. Achieving viral suppression at a population level is an important tuberculosis prevention strategy and will likely lead to continued declines in HIVassociated tuberculosis and drug resistant tuberculosis. This would, however, result in a relatively higher proportion of HIV-negative tuberculosis and drug resistant tuberculosis. This group is less likely to die and, consequently, can transmit for longer periods. Thus, missing such cases will have long-term consequences, and messages to ensure this group is also investigated will be increasingly important. Another issue that should be appreciated is that the burden of tuberculosis and drug resistant tuberculosis has for many years exceeded the existing medical care capacity, leading to failures in health delivery. In spite of this, the declines seen offer a window of hope where the developed capacity and burden may align once again. Thus, the need to maintain funding and capacity during this period is needed if we are to end tuberculosis by 2035.
Limitations
It is important to contextualise the limitations of this analysis. The data used were taken from the WHO global tuberculosis database, which derived data from countries through unverified self-reporting. Countries are usually given time to verify their data before submission and, in addition, anomalies identified by WHO result in queries sent back to countries for checking before the data are accepted. Additionally, the estimates included are based on established mathematical models adopted for use by WHO and are inherently influenced by the assumptions applied to the model. The wide confidence intervals account for the uncertainty in deriving these estimates.
Conclusion
Drug resistant tuberculosis is difficult to manage even in the best of environments and is likely to pose a major challenge for Africa as it works toward achieving the WHO End TB Strategy targets. Any delays in addressing drug resistant tuberculosis will mean lost ground, which will make the challenge even greater. Our ability to end tuberculosis and, specifically, drug resistant tuberculosis, by 2035 will require a major uphill effort, but it is achievable given the right strategic focus complemented by strong leadership and adequate resources. The adage 'know your epidemic, and know your response' serves as a guiding principle leading up to 2035 and we have provided detailed data clearly highlighting areas of success and failure. It is clear that the burden is highly heterogeneous, and focusing on key countries will be greatly rewarding, if available resources are used wisely. Gaps in data are also large and certainty needs to be achieved on the true burden of tuberculosis and drug resistant tuberculosis throughout the continent. Experience gained in addressing the deficiencies identified here could influence prioritisation within the tuberculosis control programme in the future. The advent of new and improved diagnostics constitutes a major advancement, although adoption has not been aggressive enough in many parts of Africa, and this needs greater impetus. Despite shortcomings as a continent, African countries have played a leading role for both the evaluation of drug resistant tuberculosis diagnostic tools and treatment options, which include the short regimen and bedaquiline. These findings need to move to scale rapidly for us to accelerate progress in dealing with drug resistant tuberculosis and ultimately end the disease.
